An in vitro experiment was carried out to assess the effect of fungal isolates of the genus Arthrobotrys, Duddingtonia, Monacrosporium and Nematoctonus on infective Strongyloides papillosus larvae. A suspension of 1,000 infective S. papillosus larvae was dripped on to Petri dishes containing fungi grown in agar-water. There was a statistically significant difference (p<0.05) among all the isolates and the fungus-free control. Comparing the results between isolates, difference was observed in some isolates of the genus Arthrobotrys (CG 719, I40, A1, A2, C1, B1), D. flagrans (CG722), Monacrosporium (CGI, SF53, NF34A) and N. robustus (D1) that showed a better capture and destruction results and consequently a greater decrease in the average of the uncaptured larvae recovered. The results showed that there may be variations in the predatory capacity of different species and among fungal isolates of the same species on Strongyloides papillosus and indicated that nematophagous fungi may be used for the biological control of this helminth. WALLER, 1998; JACOBS et al., 2016; TAYLOR et al., 2016) . Infections by this parasite can cause gastrointestinal disturbances (enteritis, diarrhea and loss of appetite), affect body weight and delay growth and sudden death syndrome can occur (MEHLHORN, 2016; PIENNAR et al., 1999; TAIRA et al., 1992) .
INTRODUCTION
Among gastrointestinal parasite of ruminants, Strongyloides papillosus have particular importance in the tropical and subtropical regions of the world. Its life cycle has both parasitic and free-living phases. The parasitic phase consists exclusively of females that produce larvated eggs by parthenogenesis (CHANDRAWATHANI; OMAR; WALLER, 1998; JACOBS et al., 2016; TAYLOR et al., 2016) . Infections by this parasite can cause gastrointestinal disturbances (enteritis, diarrhea and loss of appetite), affect body weight and delay growth and sudden death syndrome can occur (MEHLHORN, 2016; PIENNAR et al., 1999; TAIRA et al., 1992) .
In Brazil, benzimidazole and macrocyclic lactone anthelmintics are the principal forms of control used against gastrointestinal nematode parasites of ruminants (BOWMAN, 2010; CHARLES; FURLONG, 1996) . However, the public health significance of anthelmintic drug residues in products of animal origin, the presence of these drugs in animal feces, their negative influence on biodiversity and agricultural ecosystem sustainability (due to the heavy reliance on systematic and sometimes abusive therapeutic use) and reports of helminth strains tolerant or resistant to different anthelmintic groups have triggered investigation into alternative methods for the sustainable control of gastrointestinal nematodes of ruminants (CAI et al., 2016; GRONVOLD et al., 1996; SUAREZ, 2002) . The non-chemotherapeutic approach to the control of nematode gastrointestinal parasites of ruminants using nematophagous fungi as biological control agents showed consistent results (LARSEN, 2000; PAZ-SILVA et al., 2011) . Because of differences in the nematophagous capacities of these fungi, studies to distinguish the species and the variations among them are required (ARAÚJO et al., 2004a; CARVALHO; BERNARDO; .
The purpose of this study was to evaluate the activity of Brazilian isolates of nematophagous fungi of the Arthrobotrys, Duddingtonia, Monacrosporium and Nematoctonus genera against S. papillosus larvae in laboratory conditions.
MATERIALS AND METHODS
Cultures of 17 fungal isolates of the Arthrobotrys, Duddingtonia, Monacrosporium and Nematoctonus genera (Table 1) , grown on 1.7% corn meal agar culture media (CMA, DIFCO ® ) in test tubes, were stored at 4°C in the dark inside a refrigerator. These nematophagous fungi were isolated from soil samples and ruminant fecal pats from different regions of Brazil. 
A. musiformis
Feces from Saanen goats naturally infected with S. papillosus were provided by the clinical pathology laboratory of the Veterinary Department of the Universidade Federal de Viçosa, and were evaluated for fecal egg content. Coprocultures composed of a moistened mixture of 20 g feces and vermiculite (2:1 ratio) were kept at 26°C for 5 days inside an environmental chamber. The infective larvae (L3) were recovered from the fecal cultures using Baermann's method and concentrated by gravity inside a glass tube connected to a funnel. To eliminate debris and recover the active and viable L3, the suspension was filtered through Lintguard ® paper wipes (Kimberly-Clark, Brazil) according to the methodology described by Barçante et al. (2003) . Afterwards, the larvae were washed three times in a 0.05% chloramphenicol solution (SigmaAldrich, Brazil) and in a 0.05% streptomycin solution (Sigma-Aldrich, Brazil) by centrifugation at 1,000 rpm for 5 minutes, discarding the supernatant after each centrifugation step. Finally, the larvae were washed twice in distilled water, and their total number was estimated based on the average number in five 20 µL aliquots.
The trials for the evaluation of predatory capacity were performed on the surface of 2% water-agar culture media (2% WA, Sigma Aldrich, Brazil) contained in 5 cm diameter Petri dishes.
Mycelial discs of the fungal isolates were transferred from the culture tubes to the center of 9 cm diameter Petri dishes containing 1.7% CMA culture media and 0.05% gentamicin sulfate. These Petri dishes were kept at 25°C in the dark inside a BOD (Biochemical Oxygen Demand) incubator. After 7 days, mycelial discs (4 mm in diameter) were removed from the edges of the pure colonies and transferred to 5 cm diameter Petri dishes containing 2% WA. The Petri dishes were kept, as described above, until complete grow on surface of the culture media. On the seventh day of incubation, 50 µL of a suspension containing approximately 1,000 S. papillosus L3 were dripped onto the surface of the culture media in each Petri dish. These Petri dishes were incubated again for 7 days, as previously described, and evaluated daily for the presence of predatory structures and number of larvae captured. The Petri dishes for the fungus-free control contained L3 without fungi. On the seventh day of incubation, the 2% WA was removed using a metal spatula, and Baermann's method was used over 6 hours to recover uncaptured larvae into a 5 mL BD Vacutainer ® glass tube (Becton Dickinson, Brazil). The volume in these tubes was equalized to 3 mL, and the number of larvae recovered were counted in five 50 µl aliquots to estimate their total.
The experiment was carried out once in a completely randomized design. For the experimental assay, a total of 17 treatments plus the control group with five replicates each were made. The results were analyzed by analysis of variance. For this, the data were transformed by log(x+1), and the average numbers were compared using Tukey's test at a 5% level of significance. For statistical analysis, the System for Statistical Analyses (SAEG) was used (SAEG, 2007) .
The rate of predation was calculated by comparing the mean of larvae recovered from the fungus-free controls and the treatments, using the following formula:
In this equation, Xc = the mean of larvae recovered from the fungus-free control, and Xt = the average number of larvae recovered from the treatment.
RESULTS AND DISCUSSION
All fungal isolates tested colonized the 2% WA, but some isolates showed less growth, taking more time to reach the edges of the Petri dish. Only the fungus N. robustus (isolate D1) produced adhesive knob traps spontaneously in the absence of S. papillosus L3, whereas the other fungal isolates tested produced adhesive network traps 24 hours after the addition of larvae to the Petri dishes.
Trap formation by nematophagous fungi can occur spontaneously (ARAÚJO et al., 1992; MENDOZA-DE-GIVES et al., 1994) or in reason of the presence of nematodes and/or substances released by them as well as under adverse culture conditions resulting from a shortage of water and/or nutrients (BALAN; GERBER, 1972; CAMPOS; GUIMARÃES, 2008; HSUEH et al., 2013; JANSSON; NORDBRING-HERTZ, 1980) . In the present study, the presence of prey induced the formation of trapping structures in the fungal isolates tested, except in the isolate of N. robustus that produced traps spontaneously before addition of the nematode, indicating that these fungi are dependent on the stimuli provided by the nematodes to capture them. Mendoza- De-Gives et al. (1994) and Fernández; Saumell (2012) suggested that the ability to form traps spontaneously offers a direct competitive advantage to spontaneous trap-forming predatory fungi over non-spontaneous trap-forming predatory fungi and that the former are more effective at preying on nematodes. Stirling (2014) reported that such ability is associated with a reduction in the saprophytic ability of the fungus and would result in greater predatory efficacy. In fact, this present work, the treatment with the N. robustus isolate (D1) in comparison to the some isolates of the genus Arthrobotrys (E1, A3, C2, I31), D. flagrans (CG768) and M. sinense (SF139), showed the highest nematicidal activity.
After seven days of interaction between S. papillosus and the fungal isolates, a significant difference (p < 0.05) was found in the average number of larvae recovered per plate of treated groups when compared to fungus-free control. All isolates showed potential use in the reduction of S. papillosus larvae. However, some isolates of the genus Arthrobotrys (CG 719, I40, A1, A2, C1, B1), D. flagrans (CG722), Monacrosporium (CGI, SF53, NF34A) and N. robustus (D1) showed highest percentages of larval reduction, being considered as potentials candidates for future in vivo studies. The isolates (E1 and C2) of the genus Arthrobotrys had the smallest percentages of reduction, show the lowest nematodecapturing ability when compared to the others, and this may be related to the individual characteristic of the strain, which should be improve elucidated in future studies with these fungus. The average number of larvae recovered per plate and the respective percentages of reduction for each fungal isolate are shown in Table 2 .
Previous in vitro investigations showed the predatory activity of some of the fungal isolates tested in the present study on other nematode species. For example, Maciel et al. (2009) Chandrawathani et al. (1998) studied the effect of A. oligospora on S. papillosus larvae in coprocultures and observed a 99% reduction in the total of larvae recovered when A. oligospora was used at a concentration of 2,000 conidia per gram of feces. Campos et al. (2009) evaluated the effect of fungal structures on the number of gastrointestinal larvae of Haemonchus contortus and S. papillosus harvested from fecal goat cultures and noted that D. flagrans survived the passage through the gastrointestinal tract of goats and maintained its predatory activity. Field investigations have proven the effectiveness of nematophagous fungi on nematodes of grazing animals. Alves et al. (2003) and Araújo et al. (2004b) observed the efficacy of a fungal isolate of M. thaumasium, with a reduction in the number of eggs per gram of feces (EPG) in treated animals ranging from 88% to 100%. Graminha et al. (2005) evaluated the oral administration of the fungus Arthrobotrys musiformis (conidia microencapsulated in alginate or in natural liquid medium) for sheep. The results demonstrated that the fungus was effective even after passage through the gastrointestinal tract of sheep, and showed no change in its predatory capacity for larvae of nematode parasites. Vilela et al. (2016) used coadministration of the fungi D. flagrans and M. thaumasium against gastrointestinal helminths in young and adult sheep in northeastern Brazil. Reductions in EPG of 76% in adult and 83% in young sheep were observed. Assis et al. (2012) also used an isolate of D. flagrans to reduce reinfection by Trichostrongylus in beef cattle and observed a significant reduction in EPG (56.7%) and L3 larvae (60.5%) recovery from coprocultures. Assis; Araújo (2003) observed a 68.2% reduction in coprocultures of equine feces after administering 100 g of a pellet formulation containing sodium alginate and the Monacrosporium isolate fungus to the animals.
In this study, statistically significant differences in predatory capacity were observed between isolates of the same species. Isolates I31 and B1 of A. robusta, SF53 and SF139 of M. sinense, A1 and A3 of A. musiformis and C1 and C2 of A. oligospora showed different predatory capacity. Intraspecific and interspecific variations in the activity of nematophagous fungi on nematodes have already been observed. In vitro tests performed by Araújo et al. (1993; demonstrated that isolates of A. robusta and A. musiformis showed different levels of virulence on H. placei. Naves; Campos (1991) reported variations in the predatory capacity of isolates of A. conoides and A. musiformis on Panagrellus redivivus. According to Stirling (2014) , variations in virulence among isolates may be a reflection of genetic differences.
In vitro studies may overestimate the activity of nematophagous fungi because in these conditions, they are not exposed to parasitism and predation by the diverse micro and mesofauna present in the natural environment. Moreover, the nematodes have little chance of escaping the attack (ARAÚJO et al., 1993) . On the other hand, in vitro tests are important for the selection of promising isolates of nematophagous fungi that have potential for use as biocontrol agents against parasitic nematodes. These studies generally require minimal space, are rapid, simple and inexpensive to perform, provide important information and can be conducted under controlled conditions allowing a higher level of control of the fungus-nematode interactions (FERRAZ; SANTOS, 1995) .
Maintenance of fungal isolates in culture over prolonged periods under laboratory conditions by regular subculturing can result in the occurrence of mutations or genetic variability that may be reflected by a loss of viability due to alterations in pathogenicity, virulence or basic features (GERHARDT, 1981) . These alterations can occur rapidly, and in a few generations, the isolate can show little resemblance to the original strain (FAEDO; LARSEN; WALLER, 1997; VAN OORSCHOT, 1985) . Several isolates that were evaluated in the present study were preserved in a laboratory for several years, and this may have led to harmful alterations that would have resulted in a decrease in predatory efficacy. Data from our in vitro tests cannot be extrapolated to predict responses in the field. Therefore, additional studies to assess the effect of nematophagous fungi on parasitic nematodes of ruminants in fecal cultures as well as fungal viability testing after passage through the gastrointestinal tract of different species of ruminants are required. Another alternative would be the spraying of conidia and chlamydospores of fungi in the environment.
The results of new studies will provide important information for implementing biological control programs.
CONCLUSION
Nematophagous fungi could provide benefits to intensive animal husbandry by controlling nematode parasites of ruminants, such as S. papillosus. We must consider that is an innovative and promising alternative to helminths control.
